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Abstr act
In respon se to intern ation al proto col
regula tor¥ action s promo ted by the increa agreem ents and nation al
sing conce rn for ozone
deple tion and the greenh ouse effec t, Rl34a
has emerg ed as a leadin g
candi date for R12 subst itutio n in autom
otive air condi tioner s,
centr ifuga l chille rs and resid entia l refrig
erato rs and freeze rs.
Chemi cal compa nies are engage d in exten
astab lish cost-e ffecti ve proce sses for sive develo pment s to
produ cing Rl34a of the
requir ed purit¥ and toxico logica l testin
g is underw ay to evalu ate
physi ologic al safet¥ . This paper will
consid er compr essor and
refrig eratio n system questi ons that need
to
Rl34a is accep ted as a comm erciall y viable be addre ssed before
subst itute for Rl2.
The
follow ing major questi ons will be discus
sed:
(A)

Refrig erant Rl34a qualit y, the l.ikely
contam inants and
their signif icanc e

(B)

Physi cal, chemi cal and transp ort prope
rties; what is
needed and Wh¥

(C)

Solut ion behav ior with lubric ants includ
ing solub ility,
visco sity and l.ow tempe rature prope rties
such as flow point

(D)

Rl34a chemi cal comp atibil ity with lubric
ants and mater ials
of const ructio n

(E)

Effec t on elasto mers

(F)

Perme ation of Rl34a throug h typic al seal
and gaske t
mater ials

(G)

Solub ility of water and hydro lytic stabi
lity

Impor tant gaps in publis hed inform
refrig eratio n system applic ations will ation about Rl34a
availa ble inform ation from knowl edgeab be ident ified. Sharin g
suppl iers and equipm ent manuf acture rs le sourc es such as refrig erant
can reduce the risk inhere nt
in the introd uction of a new refrig erant
.
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CF134a AS A SUBSTITUTE REFRIGERANT FOR CFC12
H.O.SPAUSCHUS
Georgia Tech Research Institute
Atlanta, Georgia (U.S.A.)

INTRODUCTION
The recent Montreal Protocol on Substances That Deplete The
Ozone Layer (1) resulted in proposed ruling by the United States
Environme ntal Protection Agency limiting the manufactu re of CFCs
11, 12, 113, 114 and 115 to 1986 production levels. The
production freeze is to be followed by further reduction in
quantities of these refrigeran ts produced in 1993 and 1998. In
March of this year a mtijor producer of CFCs announced that it
planned an orderly transition to the total phase-out of fully
halogenate d CFC production and that R&D efforts would concentrat e
on the developme nt of environme ntally acceptable new refrigeran ts
(2). CFC12, one of the target materials, is widely used as
refrigeran t in a variety of applicatio ns including home
refrigerat ors and freezer·s ( 7%) , automotive air conditioni ng
(39%), centrifuga l and reciprocal chillers (6%) as well as for
food freezing (3%) and miscellane ous foam blowing and solvent
(45%) uses. Total 1986 usage has been estimated as 318 million
pounds.
The leading candidate for CFC12 substituti on is CF134a, a
material that contains no ozone depleting chlorine. Its
properties are strikingly similar to those of CFC12. Extensive
research and developme nt is underway to establish cost-effec tive
processes for producing CF134a of the required purity and to
validate toxicolog ical acceptabi lity. In a parallel effort,
equipment manufactu rers are engaged in evaluating performanc e of
their products when CF134a is substitute d for CFC12.
Notwithsta nding this high level of interest, technical
informatio n concerning CF134a as a working fluid is incomplete
and not widely disseminat ed. The primary purpose of this paper is
tc revi~w some of the published and unpublishe d informatio n about
CF134a as vapor compressio n refrigeran t and to highlight
technology gaps that require attention. Although this report
emphasizes U.S. production and applicatio n of these refrigeran ts,
the issu~s are of a global nature and resolution of the problem
will require unpreceden ted internatio nal cooperatio n.
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available in references such as the ASHRAE Handbook Systems
Volume chapters on Refrigerant System Chemistry and Lubricants In
Refrigerant Systems (11). Chemical stability ~nd compatibility of
the refrigerant with the lubricant and wlth other materials to
which it is exposed is of primary importance. The composition and
structure of the CF134a molecule provides important clues
concerning its chemical behavior. A high degree of chemical
stability is predicted from the absence cf e-el bonds, which are
known to be weaker than C-F bonds. This predicted stability
is borne out by shock wave decomposition studies (12) and by
extensive sealed tube accelerated aging studies with a variety of
material combinations inves·tigated by the writer. The CF3CHZF
molecule is relatively polar compared to CFC12 and CFC22 as
revealed by the dipole moments for these substances;
CF134a: 1.82 Debye Units (13), CFC22 = 1.40 DU, CFC12 = 0.51 DU
(14). The higher polarity of CF134a contributes to low solubility
in non-polar lubricants such as the mineral oils and synthetic
hydrocarbons presently used as refrigeration compressor
lubricants.
CF134a properties, along with those of the selected
lubricant, determine suitability of the mixture as a refrigerant
system working fluid. Stability, material compatibility,
solubility, viscosity, lubricity and low temperature behavior are
important considerations . Selected working fluid properties are
highlighted in the following discussion to encourage other
investigators to share in building the necessary background.

Chemical Stability of CF134a
Chemical stability includes conside~ation of thermal
stability in the absence and presence of other materials such as
lubricants, metals of construction, polymers used as motor
insulation, seals and gaskets and refrigeration drier materials.
Shock tube studies (12) revealed that thermal decomposition
ranged from 0.1~ at 1170K to 46% at l410K. Between 1170K and
1300K the major reaction product was CF2CHF, resulting from the
elimination of HF. Above 1300K, other products were observed in
increasing amounts with increasing temperature. The significant
observation is that temperatures well above those realized in
refrigeration compressors and systems are required for thermal
decomposition of CF134a.
We have conducted many glass sealed tube tests at accelerated
conditions in the presence of metals (s~eel, copper, aluminum)
and with a variety of mineral and synthetic oils. Gas samples
from sealed tubes after aging times as long as 21 days at 175C
were analyzed by gas chromatography with thermal conductivity
detector and by infrared analysis in 6 and 10 centimeter path
length cells. No indications of CF134a decomposition or reaction
were observed.
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also obRerved for CF134a- alkylbenzene mixtures,; further
demonstration of the unusual solubility behavior of this
refrigerant since alkylbenzenes are known to be good solvents
for CFC22. The term insoluble is used to convey the observation
that the degree of solubility approaches zero. Mixtures of
mineral oil and CF134a can be characterized as totally immiscible
even at temperatures as high as 65C (l50F). Although equipment
performance consequences of this insolubility are not yet fully
known, it is unlikely that they will be favorable. Successful
application of Rl34a as "drop-in" substitute for CFC12 requires
the development of new or modified lubricants, beyond those
presently considered for this application. The alternative to
developing a new lub,icant for CF134a is hardware design
modification and extensive engineering evauation and field
testing to prove out new designs using present refrigeration
lubricants. The inhe,ent high cost and high risk associated with
this option lend favor to continued intensive search for a new
lubricating fluid that is soluble in CF134a and meets all the
other refrigeration lubricant requirements; excellent stability
and lubricity, compatibility with elastomers and/or polymers and
outstanding low temperature properties. Since many different
chemical fluids are available or can be synthesized, a large
number of candidates are available for evaluation. Recent
refrigeration oil trends are toward products formulated to meet
special requirements of refrigeration compressors and systems
(15). Thus it is not unlikely that the special needs imposed by
the use of CF134a will simply accelerate the development of
"tailored" fluids for this application.
Although we are not prepared to discuss results for specific
synthetic lubricants, some general information can be shared.
Solubility of CF134a in synthetic lubricants varies from soluble
to partially soluble to insoluble. Although solution theory is
not sufficiently advanced to predict solubility from component
structural and property information for these complex mixtures,
some general guidelines are emerging. Certain of the more popular
candidate synthetic lubricants exhibit unconventional solubility
behavior, including decreasing solubility with increasing
temperature. This unconventional solubility behavior can lead to
serious difficulties in management of the working fluid in
refrigeration systems operating over a wide range of temperature,
pressure and compressor parameters. Other synthetic lubricants
evaluated to date do not exhibit this solubility inversion, but
each has one or several properties that will need to be improved
before extensive compressor evaluation is warranted. Cost
consideration~ will undoutedly enter into the selection process
since some of the better candidates are much more expensive than
the current refrigeration lubricants.

Lubricity
The primary function of the lubricant in vapor
systems is to lubricate compressor bearings over a
operating conditions and throughout many cycles of
start-up. When a new refrigerant such as CF134a is
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refrigeration system properties of CF134a; stability, solubility
and lubricity. Clearly, much additional information that is
system-specific will need to be developed for each major
application; automotive, ho•ne appliance or centrifugal chillers.
For example, in automotive applications, seals, gaskets and
permeation problems must be addressed. Compressor design in terms
of materials, compressor speeds and temperatures are different
for each application. Refrigerator and freezer products are
essentially free of leakage problems but are sensitive to
compatibility wiLh hermetic motor insulation materials and
driers. Factory sealed units for appliances are designed to
operate reliably for more than 15 years and this can only be
achieved if the material combinations used are thermally stable
and non-reactive. The compatibility of CF134a with refrigeration
drier materials such as molecular sieves and aluminas and the
solubility and distribution of moisture with this refrigerant
are important consideration for all of these systems.
A great deal of additional technology is required before
successful commercialization of CF134a will be realized including
refrigerant process development, toxicological validation,
lubricant development, material screening tests and refrigeration
product engineering. These tasks must be addressed with parallel
efforts if the ambitious target dates for phasing-out CFC12 are
to be met. Sharing of basic information will avoid duplication of
expensive and time-consuming wo~k but the process for such
collaboration has not yet been established.
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